Background: This study examines the cost effectiveness of group follow-up after participation in the Dose Adjustment for Normal Eating (DAFNE) structured education programme for type 1 diabetes. Methods: Economic evaluation conducted alongside a cluster randomised controlled trial involving 437 adults with type 1 diabetes in Ireland. Group follow-up involved two group education 'booster' sessions post-DAFNE. Individual follow-up involved two standard one-to-one hospital clinic visits. Incremental costs, quality-adjusted life years (QALYs) gained and cost effectiveness were estimated at 18 months. Uncertainty was explored using sensitivity analysis and by estimating cost effectiveness acceptability curves.
Background
The Dose Adjustment for Normal Eating (DAFNE) programme, which comprises of group-based structured education sessions, has become an established strategy for enhancing self-management in individuals with type 1 diabetes [1] . The existing evidence base suggests that the DAFNE programme is both cost saving and more effective when compared with conventional treatment [2, 3] . This notwithstanding, questions remain as to how follow-up care should be provided post-DAFNE in order to maintain its benefits over the longer term. The Irish DAFNE study sought to address this issue directly by conducting a cluster randomised controlled trial (RCT) to explore the clinical and cost effectiveness of group follow-up versus individual follow-up after participation in the DAFNE programme [4] . Notably, the study did not evaluate DAFNE directly; rather it evaluated two approaches to follow-up care post-DAFNE. This paper reports the findings for the cost effectiveness analysis.
Full details of the trial methods are published elsewhere [5] . In brief, a cluster RCT recruited six hospital clinics and 437 patients with a diagnosis of type 1 diabetes (Current Controlled Trials ISRCTN79759174). Three clinics were randomised to usual care, consisting of individual follow-up, where participants (n = 221) were invited to attend outpatient clinics at 6 and 12 months post-DAFNE for one-to-one visits with a doctor, nurse and/or dietitian. Three clinics were randomised to group follow-up, in which participants (n = 216) returned in their original DAFNE group and received "booster" education sessions from programme educators at 6 and 12 months post-DAFNE. A structured curriculum was developed to facilitate the group follow-up sessions. This comprised of a set of learning objectives across a range of topics that were "offered" to participants on the basis of their perceived need. Goal setting and action planning was emphasised as was the reviewing of patients' blood sugar records (Table 1) .
Details on the baseline characteristics of the participating patients in each arm are presented in Table 2 . Eighteen patients in the intervention group and 23 patients in the control group were lost to follow-up, leaving 398 (91%) patients in the analysis. The primary outcome in the clinical effectiveness analysis was change in glycated haemoglobin (HbA 1c ) from baseline to follow-up. At 18 months, the trial showed no clinically or statistically significant difference in HbA 1c between groups (effect, 0.14; P value, 0.470; 95% CI, −0.33 to 0.61; see Additional file 1: Table S1 ) [4] . The study concludes that group follow-up was as effective as a one-to-one individual clinic follow-up after structured education for type 1 diabetes.
In addition to clinical effectiveness, any decision regarding the adoption of a healthcare intervention in clinical practice will depend upon its expected cost effectiveness [6] . The technique of economic evaluation explores cost effectiveness by relating the mean difference in cost between alternative treatment options to their mean difference in effectiveness, and by quantifying the uncertainty surrounding these incremental point estimates. This paper reports the cost effectiveness results from an economic evaluation conducted alongside the cluster RCT to compare group follow-up versus individual follow-up after participation in the DAFNE programme for type 1 diabetes.
Methods

Overview
The economic evaluation was conducted following the guidelines for health technology assessment for Ireland [7] . It consisted of a trial-based analysis with a time horizon of 18 months -the trial follow-up period. Ethical approval for the study was provided by the local committees at the participating study centres (Galway University Hospitals; NUI Galway; Health Service Executive Dublin Mid-Leinster; Beaumont Hospital, Dublin; St Vincent's Healthcare Ethics and Medical Research Committee, Dublin; Office for Research Ethics Committee, Northern Ireland). Informed consent was obtained from each participant. The perspective of the healthcare provider was adopted with respect to costing and health outcomes were expressed in terms of quality-adjusted life years (QALYs). Data on resource use and health status were collected via structured patient questionnaires at baseline and at three follow-up points: 6 months, 12 months and 18 months. Given the length of follow-up, neither costs nor outcomes were discounted.
The statistical analysis was conducted on an intentionto-treat basis, and in accordance with current guidelines for cluster RCTs [8] [9] [10] [11] [12] [13] ; that is, we adopt multilevel statistical techniques which recognise both the clustering and correlation in the cost and effect data. Descriptive statistics, in the form of means, standard deviations and intra-correlation (ICC) coefficients, were estimated for the variables of interest. The incremental analysis was undertaken using multivariate multilevel regression techniques. Separate regression models were estimated for costs and health outcomes, both of which were estimated controlling for treatment arm, clustering, and a Table 1 The Irish DAFNE Study: Describing the Intervention
DAFNE course
The DAFNE course is delivered over 5 consecutive days to groups of up to 8 individuals who are using a basal/bolus insulin regimen to manage their diabetes. It involves 38 hours of structured education covering all aspects of diabetes self-management with an emphasis on carbohydrate estimation and matching of quick-acting insulin to food.
The course is delivered by a DAFNE-trained diabetes nurse, dietitian and doctor, who are regularly peer reviewed to ensure that the education is consistently delivered according to the curriculum.
All groups are invited back to a 3 hour review session at 6 weeks post-DAFNE to consolidate skills learned and to review targets and goals.
Group follow up
Intervention arm participants met at 6 and 12 months post-DAFNE in the original group to which they were assigned. Group follow-up sessions lasted approximately 3 hours.
Sessions were facilitated by trained educators using a structured curriculum, which included topics such as principles of insulin dose adjustment, carbohydrate estimation and managing hypoglycaemia. Groups identified their own priorities for discussion while the educator used the curriculum to guide the session.
Participants were encouraged to reflect on progress and difficulties with their original self-management goals and to produce an updated action plan.
range of other covariates and factors [11] . Uncertainty in the analysis was addressed by estimating 95% CIs and cost effectiveness acceptability curves (CEACs), which link the probability of treatment being cost effective to a range of potential threshold values (λ) that a health system may be willing to pay per additional QALY gained [14] . The CEACs were estimated using a two-stage bootstrapping technique [13] , which jointly accounts for the clustering and correlation in the cost and effect data. In addition, a series of sensitivity analysis was conducted. All analysis was undertaken in the Stata 13 statistical software package (StataCorp LP, USA).
Cost analysis
Two cost components were included in the analysis, all of which were expressed in Euros (€) at 2009 prices. The first related to the cost of implementing the group follow-up intervention in clinical practice. This included a range of resources such as educator and administrator time input, educational materials and consumables, post, packaging, telephone and travel expenses. This data was recorded prospectively by the study research team. The total cost of implementing the group follow-up intervention was €39,933, giving a mean cost per participant estimate of €185. This cost was allocated to all patients in the group follow-up arm. Second, costs relating to the use of primary and secondary healthcare services over the course of the trial were estimated for patients in both treatment arms. This included the costs of general practitioner, dietitian, and chiropodist consultations, diabetes day care centre, outpatient, and accident and emergency visits, hospital admissions, medications including insulin, lipid lowering, antiplatelet, and antihypertensive therapies, and blood glucose self-monitoring tests. Resource use was captured via structured questionnaires completed by patients at baseline and the three follow-up data collection points: 6, 12 and 18 months. A vector of unit costs was applied to calculate the cost associated with each resource activity at each time point. Notably, the baseline time point included the period during which the DAFNE programme was delivered. Unit cost estimates for each activity were based on national data sources and, where necessary, were transformed to Euros (€) at 2009 prices using appropriate indices [15] (see Table 3 ). In sensitivity analysis, the effects of deflating the unit cost inputs by 10% and 50% were examined.
For the purposes of the incremental analysis, a total healthcare cost at 18 months follow-up variable was constructed. The cost per individual resource activity at 18 months follow-up was calculated by aggregating individual resource costs across the three follow-up periods: 0 to 6 months, 6 to 12 months, and 12 to 18 months. The individual resource costs were then summed to compute the total healthcare cost variable. To facilitate this process, multiple imputation [12] was undertaken using the MI package in Stata 13 to estimate missing values for individual resource use cost data at each time point. The imputation models for each variable included age, gender, length of illness, treatment arm, and hospital clinic, were estimated using predictive mean matching, and were based on M = 5 imputed data sets.
Estimation of incremental total healthcare cost was undertaken using a linear mixed effects regression model. The model was estimated controlling for treatment arm, baseline cost, age, gender, length of illness, HBA 1c , body mass index, heart disease status, high blood pressure status, chest or lung disease status, smoking status, medical card status, marital status, education status, employment status, and clustering. The analysis was Values are shown as mean (SD) or n (%) as appropriate. BMI, body mass index; HbA 1c , glycated haemoglobin. Data from Dinneen and colleagues [4] .
undertaken using the MI estimate mixed and MI predict commands in Stata 13, which estimate the regression model on each of the imputed data sets and apply Rubin's rules to generate the coefficients of interest [16] . To account for the hierarchical and distributional nature of the total cost variable, the regression models were estimated with an exchangeable correlation structure and with robust standards. The adoption of two alternative model specifications for the cost analysis was examined in sensitivity analysis. First, a parsimonious model, controlling for treatment arm, baseline cost, and clustering was estimated. Second, a generalised linear model with cluster standard errors, assuming a Gamma variance function and identity link function, was estimated on the full set of covariates and factors. Notably, multilevel models based on the Gamma distribution may fit cost data better than Gaussian based approaches [17] . We report findings from both approaches for comparison.
Effectiveness analysis
Health outcomes in the analysis were expressed in terms of QALYs gained, calculated using the EuroQol EQ5D 3 L instrument [18, 19] , a standardised tool designed to describe and value health status. The EQ5D 3 L consists of five dimensions: mobility, self-care, usual activities, pain or discomfort and anxiety or depression; and each dimension has three levels of severity: no problems, moderate problems or extreme problems. A scoring algorithm is applied to transform EQ5D responses into a single health state index score, which typically range from 0 (equivalent to death) to 1 (equivalent to good health), although a small number of health states are valued as worse than death. The scoring algorithm is based on values elicited via a time trade-off approach for the UK population [20, 21] . Quality-adjusted life expectancy over a period of time is calculated by weighting each component of the time period by its relevant health state index score, using the area under the curve method [22] .
For the purposes of the incremental analysis, a 'QALYs gained at 18 months' variable was constructed using the EQ5D scores for each participant at baseline, 6, 12, and 18 months using the area under the curve method. Once again, to facilitate this process, multiple imputation was undertaken using the MI package in Stata 13 to estimate missing values for EQ5D scores at each time point. The imputation models for each variable included age, gender, length of illness, treatment arm, and hospital clinic, were estimated using predictive mean matching, and were based on M = 5 imputed data sets.
Estimation of incremental QALYs gained was undertaken using a linear mixed effects model. The model was estimated controlling for treatment arm, baseline EQ5D score, age, gender, length of illness, HBA 1c , body mass index, heart disease status, high blood pressure status, chest or lung disease status, smoking status, medical card status, marital status, education status, employment status, and clustering. As for the cost analysis, the analysis was undertaken using the MI estimate mixed and MI predict commands in Stata 13.
In sensitivity analysis, a parsimonious model, controlling for treatment arm, baseline EQ5D score, and clustering, was estimated.
Cost effectiveness analysis
In economic evaluation, a treatment can be defined as more cost effective than a comparator if one of the following conditions apply: (a) it is less costly and more effective; (b) it is more costly and more effective, but its additional cost per additional unit of effect, known as the incremental cost effectiveness ratio, is considered worth paying by decision makers; or (c) it is less costly and less effective, but the additional cost per additional unit of effect of its comparator is not considered worth paying by decision makers [6] . To identify which scenario applies in any case, the incremental estimates for the differences in mean cost and effectiveness between the treatment alternatives must be examined.
To undertake cost effectiveness analysis alongside cluster RCTs, techniques which recognise the clustering and correlation in the cost and effect data must be adopted [9] . In this case, separate multilevel regression models, controlling for treatment arm, clustering, and a range of other covariates and factors [11] , were used to estimate the incremental mean costs and QALYs for group follow-up relative to individual follow-up. The uncertainty surrounding these point estimates was examined using a two-stage non-parametric bootstrapping technique estimated using the TSB command in Stata 13 [13] . This method explicitly accounts for the correlation and clustering in the hierarchical cost and effect data.
The results are presented using CEACs, which report cost effectiveness probabilities for a range of potential threshold values. In doing so, the CEACs incorporate both the sampling uncertainty around the mean cost effectiveness estimates and the uncertainty around the cost effectiveness threshold value, [14] , which is unknown for Ireland [23] .
Results
Raw data estimates for resource use and EQ5D scores at baseline and each follow-up time point are presented in Table 4 . The equivalent unadjusted estimates for resource costs and QALYs gained are summarised in Table 5 . Details on missing data at each time point are presented in Additional file 1: Table S2 .
The results from the incremental cost effectiveness analysis are presented in Table 6 . These indicate that group follow-up was, on average, less costly and less effective than individual follow-up. With respect to total healthcare costs at 18 months, the mean cost per patient estimates were €4,337 for the individual follow-up arm and €3,551 for the group follow-up arm. The results from the multilevel regression analysis indicate that group follow-up was associated with a reduction in mean cost of €772 (P value, 0.020; 95% CI, −1,415 to −128; ICC, 0.016) per patient. In terms of QALYs gained at 18 months, the mean estimates were 1.35 for individual follow-up and 1.31 for group follow-up. The multilevel regression results indicate that group follow-up was associated with a reduction in mean QALYs of 0.04 (P value, 0.052; 95% CI, −0.08 to 0.01; ICC, 0.033) per patient.
The expected cost effectiveness results are summarised in Table 6 and in Figure 1 . At alternative threshold values of €5,000, €15,000, €25,000, €35,000, and €45,000, the probability of group follow-up being cost effective was estimated to be 1.000, 0.762, 0.204, 0.078, and 0.033, respectively.
The results from a series of sensitivity analysis are presented in Additional file 1: Tables S3-S7. The results from these analyses broadly reflect those from the base-case analysis, with group follow-up consistently estimated to be less costly and less effective than individual follow-up.
Discussion
On the basis of evidence collected alongside a cluster RCT, group follow-up care after the DAFNE programme for type 1 diabetes was, on average, less effective and less costly than standard one-to-one individual follow-up care. These results supplement those from a parallel clinical effectiveness study which reported that group follow-up had no significant effect on the primary outcome of HbA 1c [4] . Here, we report that group follow-up did not affect quality-adjusted life expectancy at 18 months. Indeed, the QALYs gained outcomes were marginally superior in the individual follow-up arm, although this did not reach statistical significance in the base-case analysis. Taken together, there appears to be no evidence that group follow-up, as trialed in this study, would be a superior strategy post-DAFNE for type 1 diabetes. With respect to costs, group follow-up was associated with a statistically significant saving of €772 per patient, when compared to individual follow-up. Notably, the additional cost of implementing group follow-up was offset by reductions arising from differing patterns of resource use across treatment arms over the course of the trial. This finding suggests that, while group follow-up had no effect on health outcomes, it did have important implications for health service usage and costs of care. Indeed, future studies should explore the cost effectiveness of alternative models of group-based care for this patient cohort.
In terms of the overall cost effectiveness findings, the results for the group follow-up intervention lie in the south west quadrant of the cost effectiveness plane; that is, the intervention is less costly but less effective than the control. In this quadrant, the intervention will be considered cost effective if the amount saved is above the threshold value, λ, per QALY gained [24] . In this case, the results indicate a high probability of the group follow-up intervention being cost effective at low levels of λ but that this declines rapidly as λ increases beyond €10,000. That is, the cost savings associated with group follow-up are significant and are the main driver of cost effectiveness for a range of low threshold values. However, these costs savings are not sufficient to justify cost effectiveness at higher threshold values, where greater weight is placed on improved health outcomes. This is observed graphically in the shape of the CEAC for group follow-up in Figure 1 , in that the CEAC cuts the y-axis at a probability of 1.000 and declines sharply as λ increases as the cost savings fall further below the threshold value. The determination of cost effectiveness in this case, therefore, is highly dependent on the threshold value. Unfortunately, the lack of a formal threshold value per QALY gained in Ireland only adds to the uncertainty in the analysis [23] . This notwithstanding, it is unlikely that decision makers in Ireland would consider the adoption of group follow-up given its lack of clinical benefit.
This study adds to the limited literature on the cost effectiveness of complex group-based interventions which seek to improve self-management in patients with type 1 diabetes. A study by Trento and colleagues [25] reported on a 3-year RCT of group care compared to one-to-one clinic visits for individuals with type 1 diabetes. The study randomised 62 patients and delivered 15 group care sessions over 3 years. They reported improvement in knowledge, health behaviours and quality of life and a marginal increase in costs, but no change in HbA 1c . While a full economic evaluation was not undertaken, the authors concluded that group care was cost effective. Notably, the relatively longer follow-up period in the trial by Trento and colleagues [25] may be an important indicator of why they found improvements in health outcomes and we did not. A second study by Ismail and colleagues [26] reported that group-based motivational enhancement therapy and cognitive behavioural therapy led to an improvement in HbA 1c levels at 12 months for individuals with poorly controlled type 1 diabetes. However, the benefits were not observed at 4 years follow-up, thereby indicating that some form of ongoing intervention may be required [27] . Moreover, the economic evaluation at 12 months proved inconclusive [28] . These findings, along with our results, can only add to the outstanding question of how health outcomes for type 1 diabetes, which is a young high-risk population, can be improved.
From an Irish perspective, where the traditional approach to chronic disease management in the community may be described as reactive in nature, our findings highlight the potential resource implications of adopting a more proactive and systematic approach to care. This is particularly relevant given future projections of a growing number of people with chronic disease in Ireland [29] , and concerns over the ability of an already resource-constrained healthcare infrastructure to cope with the expected increase in need. Notably, the observed resource usage patterns in this study appear to be true for other chronic conditions including type 2 diabetes and heart disease. For example, a recent Irish RCT evaluated group-based peer support sessions to supplement formal healthcare support for individuals with type 2 diabetes in Irish general practice [30] . While the clinical study showed no significant difference in terms of HbA 1c , group-based peer support was shown to be cost saving relative to usual care. A second Irish RCT evaluating primary care clinics for the secondary prevention of coronary heart disease in Irish general practice reported significant reductions in hospital admissions and costs of care relative to usual care [31, 32] . While further evidence is required, these results suggest a tentative pattern of beneficial resource implications from more proactive approaches to chronic disease management in the community. There were a number of limitations in this study. Participants were randomised to control and intervention following the collection of baseline data, which indicate that both groups were well matched [4] . However, there was no feasible way to blind the intervention group to participants or to those facilitating the programme and the study is open to a risk of performance bias. Nevertheless, outcome assessment was blinded thus minimising risks to detection bias. As data were collected via structured questionnaires, there are important concerns with respect to participant recall bias at each data collection point. In an attempt to minimise, although admittedly not eradicate, this issue, follow-up data were collected at three consecutive 6-month intervals. With respect to health outcomes, given the lack of Irish utility data for the EQ5D 3 L instrument, the equivalent UK algorithm was adopted and assumed to be generalisable to the Irish population with type 1 diabetes. This may not be the case and reflects the paucity of relevant data for the conduct of economic evaluation in Ireland. While the cost analysis was conducted from the health service perspective and included a broad range of resource use activities, certain resource items were not captured; for example, the costs of diabetes eye screening were not included. Furthermore, private patient costs such as private health insurance premiums, and broader costs to society such as productivity losses were not captured in the analysis. Nonetheless, there is little to suggest that the inclusion of these resource categories would fundamentally change the results as presented. The process of conducting cost analysis in Ireland is also compromised by the lack of nationally available unit cost data. In estimating unit costs for individual resource activities, we endeavoured at all times to be conservative in any assumptions adopted. It should also be noted that we adopt 2009 prices for the analysis and medical inflation has fallen in the period since the trial was conducted. To examine the uncertainty surrounding the unit cost estimates, sensitivity analysis was conducted in which unit cost data were deflated by 10% and 50%, respectively. Neither set of results fundamentally differed from those of the base-case analysis.
We employed appropriate methods for the statistical analysis of cost and effect data collected alongside cluster RCTs. Notably, clustering for the variables of interest was moderate, with ICCs of 0.016 for total healthcare cost and 0.033 for QALYs gained. Moreover, the correlation coefficient for costs and QALYs gained was −0.18. To account for potential covariate imbalances between treatment arms at baseline [11] , we estimated separate linear mixed effects multilevel regression models for costs and QALYs, controlling for a range of covariates and factors. To jointly account for correlation and clustering, we adopted a two-stage non-parametric bootstrapping technique [10] . While the methods adopted were appropriate, arguments could be made for a number of alternative approaches. For example, the adopted linear mixed effects model may be problematic in cases where the distribution of the data deviates significantly from normality. As referenced above, the statistical analysis of cost data is often one such case. That said, the application of more flexible approaches such as generalised estimating equations is problematic when, such as in this study, the number of clusters is small [10, 11] . To address concerns over model specification, we conducted a number of sensitivity analyses. The results for the cost analysis estimated using a generalised linear model assuming a Gamma distribution did not differ fundamentally from the base-case analysis. This was also true for the parsimonious analysis, which explored the impact of varying the independent variables in the cost and QALYs regressions models. As noted above, data were collected via structured questionnaires and, consequently, missing data was an important consideration in the analysis. Details on missing data at each data collection point are presented in Additional file 1: Table S7 . After careful consideration of missing data patterns, we proceeded with the assumption that the data were missing at random and multiple imputation was undertaken to impute missing values using the MI command in Stata 13. The variables included in the imputation models were pragmatically chosen by the study team and included age, gender, length of illness, treatment arm, and study centre. This approach may be criticised on the basis that values for resource use and EQ5D scores were imputed independently. Furthermore, hospital clinic was included as a fixed effect in the imputation model, reflecting recent guidance that the imputation model should be compatible with the analysis model: that is, both should reflect the multilevel nature of the data [13] . The approach of including the cluster variable as a fixed effect in the imputation model may be problematic in some cases [33] ; however, given the small number of clusters in the trial, we deemed it to be appropriate. Indeed, given the moderate ICCs observed, we examined the impact of excluding the cluster effect from the imputation models in sensitivity analyses. Notably, the results were generally consistent with the base-case analysis, although the difference in QALYs gained between group follow-up and individual follow-up became statistically significant. This goes to highlight the importance of applying multilevel imputation models in such cases.
Finally, in the case of chronic disease, a lifetime horizon for analysis is encouraged as interventions may have long-terms implications which occur beyond the end of trial follow-up [6] . Given the absence of improvement in clinical outcomes at 18 months, modelling approaches were not considered in this case and the time horizon of analysis was limited to trial follow-up. Nonetheless, additional follow-up of patients in the trial is essential to explore whether longer term events have a substantive effect on the results presented here.
Conclusion
There is little evidence to support the implementation of group care as the sole means of follow-up after structured education for individuals with type 1 diabetes. Nonetheless, given the reported cost savings, as well as the growing budget constraints facing health systems worldwide, future studies should continue to explore the clinical and cost effectiveness of alternative models of group care for diabetes.
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